This paper reviews some methodologic issues relative to food-consumption studies in developing countries, including sampling considerations; capturing temporal variation in food consumption; choice of dietary instruments and protocols; and food-composition databases and needs for adequate software interfaces. Increasingly, issues of cross-country and regional comparability in food-consumption data are now coming into the decision mix. Comparability of data across countries requires comparability of several fundamental systems. Specific countries and cultural contexts must tackle problems of how to estimate individual intakes when one-dish serving is the norm; how to keep up with rapidly changing food supplies; how to capture ingredients added at the table that may be concentrated sources of nutrients or other components of interest; and how to document out-of-home eating. Assumptions about error, bias, and intra-individual variation in food intake need to be thoroughly tested in developing-country contexts. There is an urgent need for improvement in the availability of appropriate food-composition databases and software interfaces for developing-country use.
Introduction
Food-consumption surveys in developing countries, as anywhere, serve a number of different objectives and have a diverse set of users. Data on food consumption-sometimes integrated with measures of nutritional status, food security, morbidity, and health risk factors-provide the basis for monitoring trends in dietary patterns and nutritional risk for agricultural, economic, and health policy. The same data can provide the basis for the development of food-based dietary guidelines and nutrition education materials. Researchers utilize these data to investigate nutrition-disease relationships, and those charged with oversight of food safety require information on food consumption to estimate exposure to contaminants in the food supply. There is wide variation from country to country as to who is responsible for collecting foodconsumption data, constructing and maintaining the supporting technical databases, making data available and accessible, and analyzing, interpreting, and reporting the information. Further, there is no consistency across countries in terms of the stability or adequacy of resources to accomplish these critical tasks. This paper will review a number of questions and issues facing investigators in developing countries whose responsibility it is to design the best possible survey systems with limited resources, and articulate the need for common systems to facilitate timely and accurate analyses of food-consumption data.
Integrated versus stand-alone surveys
Integrating food consumption with other types of data into common surveys, such as combined health, nutritional status, and food-consumption surveys or combined household expenditure and food-consumption surveys, has some advantages in terms of cost and utility. This approach allows the analyst to relate foodconsumption patterns to other variables, a considerable advantage for many purposes, and has the further 416 strength of automatically creating wider, more diverse constituencies of users of the data. The disadvantage of integrated surveys, which can be substantial, is that food consumption and nutrition must compete with other priorities in survey design. Since food intake usually contributes the single largest share of respondent burden in integrated surveys, it is highly vulnerable to abbreviation in the context of a complicated, multipurpose survey.
Sampling considerations
There are a number of issues surrounding the nature and size of the sample for food-consumption surveys, and the decisions that are made with respect to sampling are among the most important, not only in determining the cost and efficiency of the survey design, but also in setting the limits of conclusions that ultimately can be drawn from the data. For example, must the data be nationally representative or should they be representative of smaller administrative units, such as provinces? Depending on where policy decisions based on the data will be made, there may be good reasons for sampling strategies that represent the smaller units. Should the sampling frame be stratified by rural/urban or other key structural variables? Will the household or the individual be the unit of sampling? The long history of household-level food-consumption surveys in many parts of the world argues for continuity at the household level; newer interest in exploring diet-disease relationships across varying cultures and environments places emphasis on individual-level data. Linking data on individuals within households requires a more complex survey design but may be worth doing when both purposes need to be served. Are there subgroups of the population that should be oversampled? Where there are ethnic minorities or other important subpopulations that would have too few numbers in a simpler sample to allow conclusions to be drawn, oversampling of population subgroups makes sense. Similarly, where fertility rates are low, there may be too few pregnant or lactating women to allow conclusions to be drawn about their food consumption unless they are systematically oversampled. Last, who is outside the sampling frame, and how important are they? Individuals without residential addresses, members of the military, and individuals residing in any kind of institutional facility are typically outside of national sampling frames. Particularly in the case of individuals or families who cannot be identified by a residential address, there may be particular nutritional vulnerability, and there may be consideration of a supplemental survey or other mechanism for obtaining data on these groups.
The total size and geographic distribution of the sample is one of the most powerful determinants of survey cost. Thus, calculations of sample size need to be done carefully, with attention to survey objectives. Key questions include: What is the most limiting prevalence that must be estimated accurately, and for what subsets of the population? Are the central tendency and dispersion of key variables sufficient for intended uses, or is it important to estimate the extremes of the distribution (i.e., the 10th or 90th percentile of intake)?
Seasonal variation in food intake is an essential issue to consider in sampling and survey design. The first question to ask is whether seasonal variation is important in the particular local or national context. If it is important with regard to food availability and/or food-consumption patterns, then seasonality must be taken into account in survey design. There are several options. The survey can be divided into two or more discrete surveys conducted in different seasons. The survey can be spread over a calendar year in each primary sampling unit-an ideal option, but one that requires a staffing pattern that allows for long-term, lower-intensity data collection. When there is no choice but to conduct the survey within a particular season, the investigators must recognize not only the loss of data on variability that is a consequence, but also the fact that future surveys will have to be conducted in the same season if data are to be comparable.
Development of survey protocols and instruments
The choice of specific instruments and protocols depends on the survey objectives (which may include continuity and comparability with earlier data), the resources available, and specific cultural considerations. The early development of household food-consumption survey methods, led by the Food and Agriculture Organization (FAO) of the United Nations, emphasized weighed records and observations of household food supplies and the preparation and consumption of food [1, 2] . Since the advent of computers capable of handling large amounts of data in reasonable time frames, it has been possible to think about and implement surveys that include relatively large, and representative, samples with less labor-intensive data-collection methods. Current uses of food-consumption data argue heavily for including individual-level data collection, whether the individual or the household is the sampling unit. Intake records pose a heavy respondent burden and are reactive (that is, they may change the very behavior they are documenting), and they also require literacy across all segments of a population. Much more feasible are recalls (single or multiple) if whole-diet quantitative data are required, foodfrequency questionnaires if more stable estimates of food-consumption patterns are desired at the individual level, or targeted recalls or food-frequency instruments if only a few foods or nutrients are of interest.
Not surprisingly, the most common protocol in use today is the quantitative 24-hour recall of food intake. In sufficiently large samples, single recalls of high quality can yield accurate estimates of mean and median intakes, or at least comparably accurate estimates for population subgroups, which can therefore be compared. There are constraints, however, on going beyond this basic objective. A distribution of single recalls of intake overestimates the variance in intake, since it will be composed of both the true between-person variation and the within-person variation that derives from the day-to-day and other time-related variability in intake for individuals [3] . The result of this overestimation of variance is to systematically overestimate the prevalences of low and high intakes when cutoffs are applied to the distribution. Further, because the magnitude of intra-individual variation in intake is nontrivial, a single recall cannot be used to represent an individual's usual intake in analyses that relate food or nutrient intake to other variables. Various statistical adjustments have been proposed and utilized to compensate for the overestimation of variance, all relying on the collection of data on multiple days for at least a subsample of individuals in the survey population [3] [4] [5] [6] . The number of replicate days required varies with the nutrient or food component of interest, but available evidence indicates that even a single replicate (i.e., two recalls) can substantially reduce the error in estimating the prevalence of low or high intakes [3] .
The assumption that intra-individual variability in food intake is lower in developing countries than in more industrialized settings because of the monotonous diets in developing countries is not supported by evidence; it remains critical to investigate and document the extent of intra-individual variability in each specific survey setting.
Various visual aids for estimating portion size can be used, including foods purchased at a local market and weighed, as well as standardized two-or three-dimensional models of various kinds. For infants and young children, specific targeted or qualitative instruments designed to capture key variables are essential.
Besides the protocol or instruments to be used, the survey design must include attention to designation of the survey respondent, selection of interviewers, selection and testing of visual aids for estimation of portion sizes, and a myriad of other details. Each of these decisions may be critical in determining the ultimate quality of the data.
Community acceptance and culture-specific issues
Issues of informed consent, feedback and benefit to communities, obtaining of government and other approvals, publicity about the survey, and information provided to households and communities are basic. Nonresponse and refusal rates may be determined in large part by how well and thoroughly attention is given to these issues, beyond the requirements of governments.
Survey protocols must be developed in and adapted to local cultural contexts, and this task can be particularly challenging where quantitative information on total dietary intake by individuals is the objective. It is often necessary to carry out small-scale validation exercises to test the efficiency of protocols developed. Examples of these issues include how to estimate individual intake from shared serving dishes; how to account for the change in composition of the food served brought about by sequential eating by different members of the family; how to estimate quantities from nonstandard eating and serving tools (including hands); how to account for the contribution to intake of items added at the table, such as condiments and sauces (which may be concentrated sources of nutrients of interest); and how to estimate food intake away from the home.
A further issue in which there is large cultural variation is the extent to which food is regarded as a private or sensitive topic [7] . In some cultural contexts, talking about one's dietary habits to a stranger is neither problematic nor threatening; in fact, food may be a welcome topic for a social exchange. In others, food may be regarded as a rather private affair within the family, and opening the domain to inspection by strangers is fraught with discomfort.
Reporting bias
Issues of reporting bias are central to the interpretation of data from food-consumption surveys, and they have been very little explored in the context of developingcountry environments. Reporting bias can arise from the nonrandom characteristics of nonrespondent individuals or households; from systematic bias in reporting socially desirable or undesirable items; and from individual underreporting or overreporting of intake. Nonresponse rates need to be reported, and screening data collected on sampled but nonrespondent units (households or individuals) and compared to that of respondents. Individual reporting bias can be selective (underreports of socially undesirable items such as alcoholic beverages, overreports of socially desirable items such as meat in many contexts) or general.
The most studied individual bias is the phenomenon of underreporting of intakes in surveys, which is consistent and substantial in surveys in North America and Europe. For example, in the United States, 31% of adult respondents in the National Health and Examination Survey II (NHANES II), and 18% of men and 28% of women in the NHANES III, had "implausible intakes," i.e., less than 0.92 BMR (basal metabolic rate) as estimated from anthropometry [8, 9] . The apparent underreporting is systematically greater in obese than in nonobese respondents and may be due to a variety of causes, including deliberate fabrication, failure to remember food items or eating events, lack of knowledge about the composition of mixed dishes, inability to estimate portion size accurately, and truly low intakes due to dieting behavior. The problem of underreporting has prompted a great deal of methodologic work to improve 24-hour recall methodology, with some success [10, 11] . There have been few studies of the issue in developing countries, but the limited available evidence, from Egypt and Indonesia [12, 13] , shows less apparent underreporting in developing-country settings. The implications for design of surveys are clear: it is essential to collect information on anthropometry (heights and weights) and (ideally) some estimate of physical activity level within food-consumption surveys if underreporting is to be examined and reported.
Recent work using biomarkers for energy and protein intake indicates that there is additionally individualspecific bias in reporting of food intake, which further complicates the interpretation of data [14, 15] .
Cross-country and cross-region comparability
Food supplies today are increasingly global, mobile, and rapidly changing, and nutrition-related health problems are increasingly similar across populations. There is a need across the globe to be able to compare food-consumption patterns, nutrient-intake patterns, and health outcomes across populations. Such comparability requires the development of food-composition databases, analytical methods, protocols, and software that meet global needs and can be shared at relatively low cost. FAO has traditionally taken the lead in the development of food-consumption survey methodology for developing countries and through its support of INFOODS is continuing that leadership. The earliest manuals of food-consumption surveys originated from FAO [1, 2] ; these were followed much later by works, useful but not widely utilized, from other investigators [16, 17] . Most of the recent effort in developing comparable systems has gone into the task of harmonizing food-composition databases and making them accessible. In the 1980s, the Collaborative Research Support Program on Nutrition and Human Function (Nutrition CRSP) resulted in comparable systems for three countries (Kenya, Mexico, and Egypt), which investigators at the University of California Berkeley then developed into a six-country database called WORLDFOODS, designed to make accessible relatively complete nutrient information on foods representative of the core food supplies in important parts of the developing world [18] . Although widely used, the WORLDFOODS system has no current technical support available, and most users take advantage of the database without the entry system, which is DOS-based, and develop their own data-entry system. More recently, the International Network of Food Data Systems (INFOODS) program has made continuing efforts to create harmonized, adequately documented, and accessible food-composition databases [19] . The European Food Consumption Survey Methods group (EFCOSUM) has done impressive recent work in developing harmonized systems for the European Union countries [20, 21] . Nevertheless, many developing countries, including some very large ones, currently rely on systems hybridized from older local data and accessible international data including commercial software not suited to population-level studies.
The ideal food-composition database for use in developing countries would have several characteristics. It would include all locally important food and beverage items; it would include complete information on nutrients and non-nutrient components of interest; it would be continuously (or at least regularly) updated; it would provide information on foods both "as consumed" and "as acquired"; it would clearly differentiate between missing values and real zeros; and it would provide documentation of the ultimate source of the information. Additionally, it would be arranged hierarchically to allow for food-based analyses; it would allow the addition of new food items and the adaptation of nutrient information for local use; and it would allow the linkage of ingredients through recipes to mixed dishes.
In addition to adequate and accessible food-composition databases, we all urgently need another tool that currently does not exist: a flexible, affordable software system to provide the interface among foods, ingredients, and nutrients or food components. Such software can be developed de novo or from existing systems, and this development is an urgent need. The ideal frontend software would provide for data entry in the local language; allow creating of new, locally appropriate portion-size models and terms; allow entry and openended querying for new or unknown foods; provide for recipe modification, including changes in fat and water retention and retention/loss factors in nutrient content with cooking; and allow analyses at the levels of nutrients and food components, food, and ingredients.
None of these improvements in the toolkit is impossible, given the work that has already taken place in INFOODS, in Europe, and in the United States, and they could vastly improve the amount, timeliness, and quality of data available to solve urgent and important problems of nutritional vulnerability, food security, and improvement of human health through understanding of diet-disease relationships in developing countries.
